The success of a study in geostatistics depends partially on the intrinsic characteristics of the soil. This study aimed to identify and compare the spatial variability of soil properties in different physiographic units in Great Meandros Plain, Turkey. Soil samples were collected in Yuvaca (the river terrace), Köprü (the bottom of delta on the edge of a lagoon), and Sarıkemer (the back of the delta). Soils were sampled from the soil surface in 10 ha field using a regular grid with a 100 m distance in all fields. The numbers of the soil samples collected are 117 in Yuvaca and Köprü and 118 in Sarıkemer. Volumetric soil moisture content (SMC), EC, and soil texture were used for geostatistical analyzing. The semivariogram parameters and kriged contour maps showed different figures due to different intrinsic characteristics of the soils. 
INTRODUCTION
Knowing the spatial distribution of soil characteristics and their relations in a whole watershed and at different geological units may be beneficial for refining agricultural practices and helping farmers in their future planning. Soil properties vary spatially within a field and inherently in nature because of geological and pedological soil forming factors. Iqbal et al., (2005) reported that soil factors interact with each other across spatial and temporal scales. Similarly, Biggar and Nilsen (1976) and Bouma (1973) reported spatial variability in various soil properties and their interactions across a field. Even though, the most of the variations in soil result from complex geological and pedological processes, soil management can also induce variation (Bocchi et al., 2000) . Robertson et al., (1997) reported that soil variability exists not only in cultivated soils but also in undisturbed soils because of the interactions of soil-forming factors.
Soil properties are susceptible to changes spatially and temporally. Earlier, it is mainly depended on the intrinsic soil formation factors and some extrinsic factors (Sun et al., 2003) . However, lately, the land uses and management practices have become a considerable impact on the amount of change and the direction in soil quality (Han et al., 2010) .
Knowing the spatial variability of the soil has great value for precision agriculture and site-specific farming, even though soil variables and their spatial variability need to be corrected to some degree. According to Bocchi et al., (2000) , precise knowledge of the physical, chemical, and hydrological variation in soils is necessary to recover soil homogeneity. Therefore, it is a prerequisite to quantify such spatial variability of soils before designing site-specific applications like variable fertilizer rates, irrigation rates, seed rates, strategies for future soil sampling, and appropriate tillage, land use and conservation measures (Iqbal et al., 2005; Schimel et al., 2000) . Finally, information on soil spatial variability leads to better management decisions aimed at correcting problems and at least maintains productivity and sustainability of the soils (Özgöz, 2009 ).
Soil spatial variability in cultivated lands have been investigated in many studies and reported that some soil properties (e.g. soil water content) are strongly dependent on land use. They also concluded that soil organic carbon and EC were affected by tillage and farming practices and that pH was controlled by the depth of free carbonates and soil-forming processes. Many researchers (Gallardo 2003; Hu et al. 1999; Troelstra et al., 1990; Muneto et al., 2003) have intensively studied to the spatial distribution of soil properties.
Some soil properties in determining were made to analyzing the spatial distribution of the Cd, Co, Cu, Ni, Pb, Zn, and heavy metal (HM) sources on the Bafra deltaic plain (the central Black Sea district of Turkey), 108 soil samples were collected from the 0 to 20 cm layer in an area of about 100 thousand ha. Kriging interpolation and maps of the soil's enrichment factors were used for the characterization of the spatial HM distribution. As a result in this research a content exceeding the critical value was recorded for Ni. Probably, this fact was related to the elevated content of this metal in the parent rocks. None of the investigated soils can be referred to the category of polluted ones (Kızılkaya et al., 2011) .
Information on the potential risk for soil salinity build up can be very helpful for soil salinity management in irrigated areas. Demir et al., (2008) evaluated the spatial and temporal variability of groundwater salinity (GWS) and groundwater depth (GWD), which are two of the most important indicators of soil salinity, by indicator kriging technique in a large irrigated area in northern Turkey. GWS and GWD were measured on a monthly basis from irrigation season (August 2003) to rainy season (April 2004) at 60 observation wells in the 8,187 ha irrigated area. The greatest risk for soil salinity buildup occurred in the eastern part of the study area, suffering from poor drainage problem due to malfunctioning drainage katsayılarının diğer alanlara göre yüksek olmasına rağmen, Köprü'de kuvvetli konumsal bağımlılığı gösteren düşük külçe yüzdelerine ve büyük etki uzaklığı değerleri bulunmuştur. Alanlar arasındaki farklılıklar değişkenler arasında istatistiksel olarak farklı ilişkilerin oluşmasına neden olmuştur. Many researches demonstrated the spatial pattern of soil moisture depends on various controlling factors such as soil, vegetation, topography and weather (B´adossy et al., 1998; Famiglietti et al., 1998) . However, separating the relative importance of individual factors is very difficult by complexity of these factors. Geostastitical techniques allow for complicated soil moisture spatial patterns to be characterized (Webster and Oliver, 2001; Anctil et al., 2002) . Ying et al., (2011) found that grazing reduced the volumetric soil moisture moisture contents (0-6 cm) and their spatial heterogeneity and soil moisture patterns had weak to moderate spatial structures. The objectives of this study were to determine and compare the soil spatial variability of the three different Physiographic Units of the Great Meandros River basin. Korucu et al., (2009) were purposed to evaluate the spatial and temporal variations of moisture content (MC) and penetration resistance (PR) preand post burning period, and develop a mathematical model describing time and depth dependency of PR and soil MC to assess the best timing for soil tillage and planting in their research. Soil moisture content was measured daily in 25 grids at 0-10 cm, 10-20 cm, and 20-30 cm depths while PR was measured with three replicates around the soil sampling locations (75 points in 25 grids) for eleven days following the wheat harvest. As a result piecewise regression modeling precisely described the fluctuation in moisture content and penetration resistance before and after stubble burning.
The study purposed to investigate the spatial distribution of micronutrients (Fe, Mn, Zn and Cu) in soils of Büyük Menderes Delta, Western Turkey. Soil samples were taken at 0-30 cm and 30-60 cm depths on grid nodes (1 by 1 km), 59 samples (in total) for each depth. Spherical model is best fitted to the experimental models for Fe at two depths, Mn at 0-30 cm depth, Zn at 30-60 cm depth and Cu at 0-30 cm depth, while the experimental semivariograms for Mn at 30-60 cm depth, Zn at 0-30 cm depth and Cu at 30-60 cm depth showed pure nugget effect model. Then, point kriging was employed to get soil micronutrient values at unsampled locations. Spatial distribution maps of each micronutrient attained in this study are considered to be beneficial for refining agricultural management practices (Yeşilırmak et al., 2011) .
The objectived study to determine spatial variability of particle size distribution, organic matter and lime contents, pH and plant-available P content of soils located in the Experimental Station of Eastern Anatolia Agricultural Research Institution about 100 ha, was divided into 100 m interval grids in the north to south and east to west directions, and 68 soil samples were collected from 0-20 cm depth at the corner of each grid. The distribution patterns indicated that, clay content soils closer to the creek bed was the lowest within the research field, but sand content was higher closer to the creek bed. However, silt content showed unstable distribution patterns within study area. Distribution patterns of organic matter showed goodagreement with crop type. While organic matter of soil was higher in cereal planted areas and lower in row-crop planted areas. The maximum values of soil lime content and soil pH were obtained at the areas away from the creek bed (Turgut et al., 2012) .
MATERIAL AND METHODS

Site and Soil Description
This research was conducted at three different locations (Yuvaca, Köprü, and Sarıkemer) on the alluvial plain of the Great Meandros River in Söke, western Turkey. Soils of the area were formed predominantly by the deposits of the river. The first study area, Yuvaca, is located on a river terrace formed partially by sediments from a hill on the north and partially by fine deposits of the river. Therefore, free drainage in a well-developed soil structure loamy, in texture, is the main characteristic of this area. The second area studied, Köprü, is characterized by low relief swell and soil with a high EC, and it is located both beside the river and at the edge of the lagoon. Surface drainage is poorly developed due to low elevation (less than 5 m) and a high water table. The soil of the last area, Sarıkemer, formed of river deposits that are older than those of Köprü, is mainly silty loam. Sarıkemer is located at the back side of the delta (Figure 1 ).
The main soil types in the area are classified as Typic Xerofluvent in Yuvaca and Sarıkemer and Typic Halaquept in Köprü (Keys to Soil Taxonomy, 9 th ed., 2003).
The main crop rotation system in Yuvaca is wheat-cotton, and wheat-corn, cotton-corn for other areas in the growing season. Surface irrigation with shallow saline ground water has been practiced for years in all part of the plain, and productivity has therefore decreased sharply and the soil has become distinctly salinized.
In all the fields, disturbed soil samples were collected from the soil surface at the nodes of regular grids with a 100 m distance in a 10 ha field. The numbers of soil samples are 117 in Yuvaca and köprü and 118 in Sarıkemer.
Soil analysis
Air-dried soil samples were crushed 2 mm-sieved and analyzed for texture with the Bouyoucos hydrometer method. EC was determined at 1:2.5 soil: water extraction ratio (Richards, 1954) . The volumetric soil moisture content at soil surface was measured in situ by a portable TDR system. The TDR probe was a hand-held version with the rods of 15 cm in length.
Statistical Methods
To determine the spatial dependence of soil properties, a procedure for analyzing experimental semivariograms was developed by Journel and Huijbregts (1978) and Trangmar et al., (1985) .
Where Ɣ(h) is the semivariance, shows the similarity between points a given distance h; N(h) is the number of observation pairs {z (i), z (i + h)} with a distance h; z(xi) is the measured sample value at point xi; and z(x i + h) is the measured sample value at point x i + h .
We, firstly, determined the lag distances resulting in high r and low mean square error, MSE, values to fit the semivariograms. Later, cross validations between the measured and predicted values of the variables were tested. The spherical model was used as it fitted good to semivariograms of soil properties. The spherical model has the form:
Where the intercept C 0 is nugget variance and this phenomenon is described as the nugget effect. The nugget effect encloses fluctuations in properties that occur over distances shorter than the sampling interval, and the measurement errors. Finally, C is the sill of the spatially correlated component. Thus, a sill is described as the sum of C 0 and C when variance is stabilizing. The distance a is known as the range. It is assumed that points closer together than the range are spatially dependent and points further apart have no relation to one another (Golaszewski 2002) . Semivariogram analysis was performed using GS + (Gamma Design Software, 1998).
Kriging produced from the spatial structural parameters of semivariogram was applied for the means of spatial prediction. Values of variables at unsampled locations were interpolated by kriging. 
Analysis of the Spatial Variability of Soil Properties
RESULTS
The measured selected variables for all areas are presented in Table 1 at Köprü. Although the amounts of soil textural components are close to each other among the sites, Köprü has the most heterogeneous results. Köprü exhibited a higher mean and coefficient of variation (CV) for EC and volumetric soil moisture content (SMC) than the other sites. The well developed soil structure with high clay content in Yuvaca resulted in high SMC. Silt content was the least variable soil parameter in all the study areas. The descriptive statistics of the soil properties in the study areas showed high skewness for EC and moderate to low skewness for the other parameters (Table 1 ). This concludes that EC has a local distribution, that is high values were found forEC at some points, but most values were low (Grego et al., 2006) . Table 2 presents the semivariogram parameters for selected variables for all the study areas. All soil parameters were best fitted with the spherical model whereas clay in köprü fitted best with the Gaussian model. Generally, remarkably low nugget values, which is an indication of micro-variability, found for all variables except for clay in Köprü and silt in Yuvaca. In geostatistical theory, the range of the semivariogram is the maximum distance between correlated measurements and can be an effective criterion for the evaluation of sampling design and mapping of soil properties (Tesfahunegn et al., 2011; Utset et al., 1998; Fu et al., 2010) . Table 2 shows that range of the soil properties widely varied from 336 m (silt at Yuvaca) to 805 m (sand at Köprü).
Example variograms and the model fits for those soil properties that exhibited spatial dependency is illustrated in Figure 2 . These graphs display a steady increase in semivariances with separation distances and reach their maximum in different distance. This is due to the various soil characteristics of the regions in the plain. The semivariograms indicated the existence of strong spatial dependence for all soil properties.
The correlation coefficients, r, between the soil properties are showed in Table 3 . The correlation coefficients were discussed in detailed in the next section.
Kriged maps of EC, SMC, sand, silt and clay for Yuvaca, Köprü and Sarıkemer are presented in Figure 3 , 4 and 5, respectively. The spatial distribution of sand content in the north of Yuvaca, particularly in the bottom of the hilly area (upper part) is low. However, for the clay, spatial distribution is high in the north. The high soil moisture was determined in the NE site of the field (Figure 3 ). Kriged maps for EC and SWC in Yuvaca indicated more uniform distribution than in Köprü (Figure 3 and 4) .
From the spatial distribution maps of in Köprü, it is observed that the pattern of distribution of EC showed the reverse of SWC. However, kriged maps of SMC showed strong positional similarity to maps for clay content and less similarity to maps of sand content in the north and the south of Köprü. The high SWC was detected in the center and the south of the field, respectively (Figure 4 ).
Among the field studied, Sarıkemer has the most uniform soil (Figure 5 ). Similar positional similarity between high clay, low sand content, and SMC were obtained in the southern part of the field in Sarıkemer. 
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DISCUSSION
Generally, the low nugget values show the short range variability is neglected. However, the high nugget values (clay in Köprü and silt in Yuvaca) may be due to the fact that the selected sampling distance could not capture their spatial dependence well. According to Kerry and Oliver, (2004) and Fu et al., (2010) , the sampling interval should be less than half the semivariogram range. The lowest nugget values indicated that they had low spatial variability within small distances. The range values for Yuvaca, except silt, demonstrated the relatively uniform distribution of the investigated soil parameters. The high standard deviations of the measured EC caused the lower the range (427 m) and the cross validation regression coefficients (r = 0.74). Since Yuvaca is located at the edge of the hills (Figure 1 ), the high standard deviations were found for sand and clay.
As seen in Figure 3 , the sand and clay content seems to be distributed along the NE-SW orientation, which likely parallel to the contour lines (Figure 1 ). The greater SMC and the lower EC of the soils and the greater nugget and the sill values show the presence of the water movement from the hillside to the study area. However, the lower range values of SWC, as well as the other parameters, at Yuvaca is due to the variation of the topography sharply as long as moved to the south of the field.
A significant correlation was found between the soil texture parameters and EC values in Yuvaca but not at the other sites (p < 0.01). This relation was positive for clay and negative for silt and sand content due to the existence of upward capillary movement in fine textured soils. The lower SWC measured in the southern part of Yuvaca could be due to drying of surface soil between tillage and cotton sowing. No significant correlation was observed between soil moisture and soil texture in Yuvaca because of the variations on soil management of the small-sized fields (Figure 3 ).
The possible reasons of high EC and SMC in Köprü are due to poor drainage conditions and continuous watering with saline ground water. The variations and the high standard deviation of soil properties in Köprü would be resulted from its alluvial character. It can be concluded that when the entire area of Köprü is considered, there is great variation, but this is not true in the short range. Although the CV of the parameters was higher in Köprü than in the other areas, according to geostatistical calculations, the lower nugget percentage indicates that there is strong spatial dependence, or in another way, the measurement error and short-range variability are negligible (Tragmar et al., 1985; Miao, 2000) . This also indicates wide-ranging variables at this site. The high range values at Köprü, with the exception of SMC, also support this conclusion. High range values, particularly for soil texture components, are possibly due to the uniformity of the field in either side of the river. As seen in Figure 4 , soil particles orientated evenly. From this, it can be concluded that the Great Meandros River deposited its sediments in both the direction normal to its flow path and perpendicular to its bed uniformly, or continues changes in the river bad. Significant correlations were found between the sand, clay content, and SMC (p < 0.01) in Köprü. High correlations were obtained between the soils with low sand and with low EC values and between the areas with high clay content and with high EC in Köprü. Increased SWC and EC indicate upward solute movement from the shallow ground water table to the soil surface in Köprü. The places with high sand content resulted in low SMC in Köprü. The SMC positively correlated with clay content but negatively correlated with sand content in Köprü. This may be due to continuous water movement by capillarity from the ground water table in clay soils but not in sandy soils at the time of sampling, which was the beginning of the most evaporative period of the year in the region.
The least variable soil textural parameters in Sarıkemer indicated the uniform soil properties throughout the field. Among the fields studied, Sarıkemer had the lowest soil moisture content, probably due to its location in the plain. Nevertheless, there was good harmony between soil texture and soil moisture in Sarıkemer ( Figure 5 ).
Whereas the low nugget values, the range of the most parameters is also lower. Kriged maps indicated that soils properties evenly spaced. No correlation was obtained between the soil texture and EC in Sarıkemer. This could be due to the low EC, medium class soil texture, and free drainage conditions in this field.
Low nugget values for all areas indicated the appropriateness of the sampling distance and the design. The range of all the semivariograms exceeded the sampling interval (100 m), which indicates the presence of spatial variability beyond the sampling distance. The existence of strong spatial dependence was determined for these variables according to classes of Cambardella et al., (1994) . According to them, the ratio of nugget to total semivariance lower than 25% indicates strong spatial dependence of the soil properties.
The SMC was closely correlated with soil particle size. Ying et al., (2011) reported that main factors controlling spatial moisture patterns are the soil physical properties. A significant positive correlation was found between EC and SMC (p< 0.05) in all the fields. This might be due to the using of saline drainage water to moisten the soil surface for cotton germination at the time soil sampling.
CONCLUSIONS
The results of this investigation demonstrated spatial variation of certain soil variables in different fields of a watershed. We demonstrate soil spatial variability on three field having different topographic and/or pedogenic features. We found a high relationship between the measured and estimated variables in all the fields. Different kriging maps and semivariogram parameters for the variables were obtained regarding the location in the plain. We originally expected close correlations among certain variables, e.g., soil texture, SMC and EC. However, this was not the case for all the fields or all the parameters. Nevertheless, significant correlations were found between soil texture and SMC in Köprü and between soil texture and EC in Yuvaca. The most prominent positive relation found in all the fields was between EC and SMC, due to the use of saline ground water for cotton irrigation. A possible reason for not finding this relationship is the different management practices applied by small individual farms and resulting heterogeneous soil sampling.
